Correspondence
where t is the time, T is the near-surface daily mean air temperature (8C) and is the standard deviation of T (K) from the annual temperature cycle, T ac (8C). According to atmospheric temperature reanalyses, is subject to important variations over the globe, which has a significant influence on the response of surface mass balances (Seguinot, 2013) . Over the Greenland ice sheet, an analysis of in situ temperature measurements indicates that the present-day distribution of is subject to an annual variability, with lowest values occurring in the melting period and at the icesheet margins, and can be linearly related to ice surface elevation others, 2009, 2011) . Including seasonally and spatially varied in Greenland ice-sheet modelling is crucial to obtaining better agreement with observations of the present-day ice surface response (Rogozhina and Rau, 2014) . However, the importance of a PDD approach is its applicability to palaeoglaciological studies, requiring realistic values under climate conditions different from today. Here we present evidence from an atmospheric reanalysis, that the distribution over the Greenland ice sheet is largely related to variations in nearsurface air temperature, which provides the basis for a parameterization of daily variability over ice-sheet surfaces.
Using the 2 m air temperature field from the European Centre for Medium-Range Weather Forecasts' ERA-40 reanalysis (Uppala and others, 2005) over a 44 year period, 1958-2001, we compute the spatial distribution of longterm monthly mean temperature, T m , and long-term monthly standard deviation of daily mean temperature, . The daily mean temperature, T , is computed as an average of the four daily analysis time-steps (00:00, 06:00, 12:00, 18:00). In order to remove variability associated with the annual cycle, monthly standard deviation is calculated over the entire time period, after subtraction of the long-term daily mean component. This approach is an improvement over our previous methods (Seguinot, 2013; Rogozhina and Rau, 2014) , which included seasonal variability in the standarddeviation calculation, and therefore tended to overestimate values during spring and autumn, when the seasonal trend over a given month may be significant. Because we focus on temperature variability over ice-sheet surfaces, ice-free gridcells are excluded from our analysis using the ERA-40 vegetation types and land/sea masks.
Over the Greenland ice sheet, there exists an anticorrelation between long-term monthly temperature means, T m , and long-term monthly standard deviations, (Fig. 1) . Although a significant spread exists around winter temperatures (Fig. 1, blue) , this spread becomes much more restricted when approaching conditions of intensive surface melting during summer (Fig. 1, red) , when the standarddeviation parameter exerts strongest influence on modelled melt rates. Using a 1=-weighted least-square regression, we derive a linear relationship between and T m over the Greenland ice sheet,
To emphasize conditions in which daily variability has strongest influence on modelled melt rates, we define the effective temperature for melt as
The net effect of daily variability, , on melt can then be expressed as a shift in effective temperature (Fig. 1, dashed  lines) ,
Note that ÁT eff is always positive (Fig. 1 , three-dimensional inset), hence the use of higher values systematically results in increased modelled surface melt. The decrease of in response to increasing temperature, most probably modulated by endothermic phase changes around the freezing point, tends to restrict ice surface melt, thereby indicating a natural mechanism for self-inhibition of ice loss from the ice sheet (Fig. 1) . The strong dependence of on near-surface air temperature shown by the reanalysis points out that previously discussed relationships between standard deviation and ice surface elevation others, 2009, 2011) originate from lapse-rate effects on temperature and are only valid under present-day climatic conditions. However, a nearly linear dependence of on temperature provides a simple proxy for a dynamic adjustment of the standard deviation parameter to evolving climate forcing. Although the inferred relationship (Eqn (3)) needs to be validated against observations, the observational record over the Greenland ice sheet is currently both too spatially scarce and too short to allow for the present analysis (Rogozhina and Rau, 2014) . It should also be noted that this relationship does not generally hold true over ice-free territories, where more complex connections should be expected (Seguinot, 2013) . However, our analysis reveals that similar connections between daily variability and summer temperature exist over parts of Antarctica (Fig. 2 ). This indicates a potential for parameterization of daily temperature variability over glacierized regions with essentially different geographic and climatic settings than that of the Greenland ice sheet. . The solid line corresponds to a 1=-weighted least-square regression over all data points (Eqn (3)). Dashed lines represent the effect of daily variability on effective temperature for melt, ÁT eff (Eqn (4)). As shown by the threedimensional wireframe inset, ÁT eff is always positive, and increases when T m approaches the melting point (Eqn (5)).
